The masses of the negative parity 70-plet baryons are analyzed in large N c QCD to order 1/N c and to first order in SU (3) symmetry breaking. The existing experimental data are well reproduced and twenty new observables are predicted. The leading order SU (6) spin-flavor symmetry breaking is small and, as it occurs in the quark model, the subleading in 1/N c hyperfine interaction is the dominant source of the breaking. It is found that the Λ(1405) and Λ(1520) are well described as three-quark states and spin-orbit partners. New relations between splittings in different SU (3) multiplets are found. † Fellow of CONICET, Argentina.
The study of excited mesons and baryons has been largely the domain of the quark model [1] . Despite the success of this model in reproducing the general features of the spectrum and decays, it is clear that in its different versions it is not a complete representation of QCD. One consequence of this incompleteness is that in those cases where the quark model does not agree with phenomenology, such as the problem of the mass splittings between spin-orbit partners in the negative parity baryons (spin-orbit puzzle), it is not clear whether the problem is due to the quark model itself or to specific dynamical properties of the states involved. In the last few years it was realized that the 1/N c expansion can provide a link between the phenomenology of excited baryons and QCD that avoids the assumptions required in the quark model. This link has the form of an effective theory that implements an expansion in 1/N c . As shown in this Letter, the main features of the quark model emerge unscathed from the large N c analysis of the masses in the 70-plet of negative parity baryons, and in addition some of the missing pieces of the model are recovered. For example, the long standing spin-orbit puzzle seems to be easily resolved by the presence of one operator of O(N 0 c ) not included in the quark model. In the N c → ∞ limit of QCD the ground state baryons display a contracted dynamical spin-flavor symmetry SU(2F ) (F is the number of flavors, equal to three in this Letter), which is a consequence of unitarity in pion-nucleon scattering in that limit [2, 3] . In general SU(2F ) is broken at O(1/N c ) and for some observables even at O(1/N 2 c ) [3] . This implies that perturbation theory around the SU(2F ) symmetric limit in the form of a 1/N c expansion is a powerful tool of analysis, as shown in numerous works [3, 4, 5, 6, 7] . In the context of the 1/N c expansion the sector of excited baryons [8, 9, 10, 11] is less understood. The principal reason is that even in the N c → ∞ limit there is no exact dynamical symmetry [9] .
However, an important simplification results from the observation that excited states can be classified into multiplets of spin-flavor SU(2F ). For example, most of the known baryons of negative parity seem to fit very well in the (3, 70) irreducible representation (irrep) of O(3) ⊗ SU (6) . In particular, this implies that the analysis of excited baryon masses can be carried out within a spin-flavor multiplet along the lines recently developed for two flavors [9, 12] . The states have the general form
where α stands for the different projection quantum numbers and CG for Clebsch-Gordan coefficients. In addition, the (λ, µ) labels indicate the SU (3) (1, 0)
where S c is the spin of the core. ) >, while in the 4 8 and 2 10 representations the core state is |1, (2,
) >, and finally, in the 2 1 representation the core state is |0, (0,
A basis of mass operators can be built using the generators of O(3) ⊗ SU(2F ) [9] . A generic n-body mass operator has the general structure For N c = 3 and in the SU(3) limit there are eleven independent quantities, namely nine masses and two mixing angles θ 1 and θ 3 , which correspond to the mixing of the 2 8 and 4 8
irreps in the J = 1/2 and J = 3/2 octets, respectively. There is, therefore, a basis of eleven SU(3)-singlet mass operators. As shown in Table I When SU(3) breaking is included with isospin conservation, the number of independent observables raises up to fifty, of which thirty are masses and twenty are mixing angles. that result when the operatorB 3 is neglected (from the fit below it is apparent thatB 3 gives very small contributions):
Here s B i is the mass splitting between the baryon B i and the non-strange baryons in the SU(3) multiplet to which it belongs. These relations are independent of mixings because they result from relations among traces of the octet operators. IfB 3 is not neglected there are instead four relations.
Discussion of the fit and conclusions -The experimental masses shown in Table II Table I , while the best fit masses and state compositions are displayed in Table II . Note that the natural size of coefficients associated with singlet operators is set by the coefficient of O 1 , and is about 500 MeV , while the natural size for the coefficients associated with octet operators is roughly ǫ times 500 MeV.
There are a number of important points that emerge from this analysis. The rest of the mixings are of higher order because they are due to SU(3) breaking, and expected to be small. Table II shows this in the composition of states. A good example is that the Λ(1405) and Λ(1520) remain largely singlet states. In some cases, however, due to close degeneracy the SU(3) breaking can induce a larger than expected mixing angle which cannot be predicted with precision from an analysis of the masses alone. This occurs in the J = 3/2 Σs and Ξs, where for that reason the corresponding amplitudes in Table II are shown between parentheses.
The hyperfine operator between the excited ℓ = 1 quark and the core, The analysis of this Letter shows that the 1/N c expansion provides a systematic approach to the spectroscopy of the negative parity baryons. It successfully describes the existent data and to the order considered it also leads to numerous predictions yet to be tested. 
